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(54) CANCER ANTIGENS BASED ON TUMOR SUPPRESSOR GENE WT1 PRODUCT 

(57) A tumor antigen that comprises, as an active 
ingredient, a product of the Wilms' tumor suppressor 
gene WT1 or a peptide composed of 7-30 contiguous 
amino acids containing an anchor amino acid for bind- 
ing to major histocompatibility complex (MHC) class I in 
said amino acid sequence, and a vaccine comprising 
said antigen. 
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Description 

Technical Field 



[0001] The present invention relates to tumor antigens based on the products of WT1 , the tumor suppressor oene 
of W Ims tumor. The tumor antigens are useful as anti-cancer vaccines against turner of he blood such alZemia 
mye.odysp,ast,c syndromes, multiple myeloma, and malignant lymphoma'or solid tumors J£^£TZ£ 

in 1 ~ of nC6 , r ' 9erm Ce " tUm ° r ' hepatb Cancer ' skin cancer - bladde ' ~. Prostate cancer uter- 

ine cancer, cervical cancer, and ovarian cancer, as well as all cancers that express WT1 . 



Background Art 
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E invn JT 6 lmmuno J°9 lca ' mech *™ to reject foreign material are generally comprised of: the humoral immunity 
ZT^tIZTT 9 " thatreC ° 9ni2e antigens and fun «™ - antigen presenting cells, helper T cells Zal 
ceS II t f' V reC ° 9n,Zlng ant,gen P resented b V **» macrophages and then producing various cytokines B 
cells that differentiates ,nto antibody-producing cells by the action of said lymphokines etc., as well as the cellular immu 

S 3? " T Ce " S th9t Under9 ° differentiati ° n in reSP ° nSe 10 an,igen • attack Ld StroyThe 

partcLte T^l^n ■'"T!? * l ° be deriVed fr0m Cellular immunit V in ^ filler T cells 

part cipate. In the killer T cell-involved cancer immunity, precursor T cells that recognized tumor antigen presented in 

and oil? T 6 T^T T maj ° r hi * 0C0 «* — piex (MHC) class I and the lumor^ P <Z2^ 
TZ^TJT k "' e : T CellS ' WhiCh att3Ck and d6Str0y tumor cells - At this « ma - tumor cells present on the 
IcTn „ , C ° mP X * e MHC daSS ' antigen and tne tumor antigen ' wnich is targeted by the killer' T cells 

25 £ 5 ) ' ' ' 1 " 3: ° Pia lmmUn01 ' 6: 719 ' 1993; Cell > 82: 13 - 1995 .- Immunol Rev., ue M67 

[0004] The above tumor antigen presented by the MHC class I antigen on the surface of the tarqet tumor cells * 
t^mofceL u e nd P6Pti ? C ° mP0Sed ° f 9b0Ut 8 10 12 amin ° addS Pr0dUCSd after the -tig- P S 

no ^l9^^rSrS? , i ^ int T e R " U,ar Pr0teaS6S (CUr - ° Pin - ' mmUn0L ' 5: 709 ' 1993; Cur °P in - "nmu- 
nor, o. ia93, cell, 82. 13, 1995; Immunol. Rev., 146: 167 1995) 

crsplcific^gellr^ 96 " Pr ° teinS ^ * Vari ° US bUt feW haVe been demonstrated as can- 

™!i. WT1 ' 3 , !^! mS tUm ° r su PP ressor 9 ene (WT" 1 gene) was isolated from chromosome 1 1 P 13 as one of the 
causative genes of Wilms tumor based on the analysis of the WAGR syndrome that was complicated by Jms tumor 
an,nd,a, urogenrtal anomaly, mental retardation, etc. (Gessler, M. et al., Nature, 343: 774-778 (1990)) and^eTenomte 
DNA is about 50 Kb and is composed of ten exons, of which cDNA is about 3 kb. The amino acid sequence deduced 
from the cDNA is as set forth in SEQ ID NO: 1 (Mol. Cell. Biol 111707 1991) sequence deduced 

ce5s with m^nSpn^ T m1 9 , 6ne iS hi9h,y eXpreSS6d in hUman leUkemia and that the treat ment of leukemia 
SESLTlSS^JKT" T „" SUPPreSSi ° n ° f Ce " Ular 9r0Wth (Japan6Se Unexamined ^tent Publication 
L« 2,„h t J t 2' 9 ne haS b6en sug 9ested to promote the growth of leukemia cells. Furthermore WT1 

cT2Z h r * eXPr T d ^ S0 ' id ^ SUCh 83 9aStriC Cancer ' colon cancer - lun 9 cancer, breast cance Zl 

£££^££1 *? T°2 b ' add6r CanCer ' Pr ° State ° anCer ' Ut6rine Cancer ' ™' ~r. and oJa a 
maZ n ?T ! Application (Tokugan) 9-191 635), and the WT1 gene was demonstrated to be a new tumor 
marker ,n leukemia and solid tumors. However, it has not been confirmed that the expression products of the wTI I 
are tumor-specific antigens useful as a cancer vaccine. 9 

Disclosure of the Invention 

[0008] Thus, the present invention intends to confirm the possibility that the expression product of the WT1 aene is 
a tumor antigen and to provide a new tumor antigen. 9 S 

so [0009] After intensive research to resolve the above problems, the inventors of the present invention have synthe- 
sized polypeptides having 7 to 30 contiguous amino acids containing at least one amino add that is ip^e Sn 
as an anchor ammo acd in the binding with mouse and human MHC class I and MHC class II in the amino acia 
bo dTthl MHC rr P . r ° dUCt *" 96ne ' C ° n,irmed that these peptides bind * MHC Prote nsZ wS 
crptS^tLTresenSern 60 ' *~ ' ^ "* ^ *** ™ *° ^ ^' a " d ^ — 

oortioi hJS S A the Z BS T inVemi ° n Pr0V ' deS 3 tUm ° r anti96n com P risin 9 an expression product of mouse WT1 or a 
portion thereof. According to a preferred embodiment, the present invention provides a tumor antigen that comprises 
as an active ingredient, a peptide having 6 to 30 amino acids containing an anchor amino acid required for bindhg to 
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the MHC molecules in the amino acid sequence as set forth in SEQ ID NO: 1 that corresponds to the cDNA of WT1 1 . 
nniil Furthermore the present invention provides a tumor antigen that comprises, as an act,ve ingredient a pep- 
K Ling 7 to aZ^S^taining an anchor amino acid for binding to the MHC molecules in the ammo acid 
^eauence as set forth in SEQ ID NO: 2 that corresponds to the cDNA of human WT1 . 
[0012, Th* present invention also provides a cancer vaccine comprising the above tumor ant.gen. 



Brief Description of Drawings 
[0013] 
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Figure 1 is a graph showing a ratio of CD4+ and CD8+ cells in flow cytometry on the celis immunized with the D 
126 peptide and non-immunized cells in Example 1. 

Figure 2 is a graph that compares the cytocidal effect of the cells ,mmun.zed with the D 1 26 peptide on the target 
cells pulsed with D b 126 peptide and the non-pulsed target cells in Example 2. 

i« Finure 3 is a araoh havinq the same meaning as in Figure 2. 

Foe 4 a grep in which A represents the cytocidal effect of CTL induced by the D b 126 peptide on toe T ceHs 
pulsed with the 1 26 peptide in Example 3, and B represents the cytocidal effect of CTL induced by the WH 187 
oeotide on the T2 cells pulsed with the WH 187 peptide in Example 3. . b ,,. nan 
Fkjure 5 Is a chart showing the result of FACS analysis on the surface markers of CTL induced by the D 126 pep- 

20 tide (CD19 cells and CD3 cells). 

Figure 6 is a similar chart to Figure 5 with respect to the CD4 cells and the CDS cells. 
Figure 7 is a similar chart to Figure 5 with respect to the CD56 cells. 

Figure 8 is a chart showing the result of FACS anafysis on the surface markers of CTL induced by the WH 1 87 pep 
tide (CD19 cells and CD3 cells). 

Figure 9 is a chart similar to Figure 8 with respect to the CD4 cells and the CDS cells. 

2S? elp^m.. I« .he liU isr,o»s,h. r.su« otraiosd wh.o .h. E:T ratio is 7.5 : 1 „nd b show, rsssi. 

t =W ^o^-'i- o* act-*, o, «,. s* ,2. psp.ds^c.ic CTL oo « to™, c* (FBL3) 
that inhprpntlv exoress WT1 and the tumor cells (RMA) that do not express WT1 . 

Sgure !TS fgSh Compares the fytic activity of the D b 1 26 peptide-specific CTL on the cells that were trans- 
wmpri with thp WT1 aene and the same cells that were not transformed. 

Figure 15 Is a Sing the effect of ***** antibody on the cytotoxicity of the D> 126 pept.de-spec.fK. 

Figure 1 6 is a graph showing the in vivo immunological effect when mice was immunized with the D*> 126 peptide 

F^ure^is'a graph showing the immunological effect when a plasmid expressing WT1 is administered to mice as 

Figure isl" graph showing the absence of the immunological effect when a plasmid not expressing WT1 is 
administered. 

45 Best Mode for Carrying Out the Invention 

tinn q Ptr are exDected to be anchor amino acids for binding to D . 

00161 i ts aTsotown that the size of the tumor antigen peptide presented by MHC class I on the surfac of ^umor 
cells* abo 8 to 12 Therefore, the tumor antigen peptide of the present invention is a peptide hav.ng 7 to 30 contig- 
uo *s mto acids containing an anchor amino acid in the amino acid sequence of the WT gene expression product as 
set forth in SEQ ID NO: 1 . The number of amino acids is preferably 8 to 1 2, for example 8 or 9. 
[00171 As a specific embodiment in the present invention, the following peptides comprising 8 ammo acids. 
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K 45 Gly Ala Ser Ala Tyr Gly Ser Leu (SEQ ID NO: 3), and 
K b 330 Cys Asn Lys Arg Tyr Phe Lys Leu (SEQ ID NO: 4) 

were used as peptides binding to K b of MHC class I, and the following peptides comprising 9 amino acids: 

D b 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (SEQ ID NO: 5), 
D^ 221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met (SEQ ID NO: 6),' and 
D 235 Cys Met Thr Trp Asn Gin Met Asn Leu (SEQ ID NO: 7) 
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[0020] As a result, the following result was obtained: 

K b 45 -4.5784838 (log) 
25 K b 330 -5.7617732 

D b 126 -6.2834968 
D b 221 -5.7545398 
D b 235 -6.1457624 

D b 126; Arg Met Phe Pro Asn Ala Pro Tyr Leu (SEQ ID NO' 5) 
(the same as the sequence Of D b 126 in mouse) 
WH 187; Ser Leu Gly Glu Gin Gin Tyr Ser Vaj (SEQ ID NO: 8) 
(anchor amino acids are underlined). 

2 £ b i? din9 "US* ° f abWe Pep,id6S Wi,h HLA " A * 0201 was mea sured as follows' 

monoclonal mtL?^^^^^. TZVT 72 ^ With fl «»™% »• « 

amount **»JZ£Z2ZZ MStZ* " ^ **« 
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Binding activity 


Peptide 


Kd (M) 


D b 126 
WH 187 


1.89 x 10~ 6 
7.61 x10^ 



2 "I P T id6S ^ 9 bindin9 affinity of modera,e de 9«* or higher. 

[0026] Us,ng the above D> 126 and WH 187 as a peptide that can combine with human MHC Class I molecules, 
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the experiment described hereinafter was performed. 

[0027] The present invention also relates to a cancer vaccine comprising the above antigen as an active ingredient. 
This vaccine can be used for prophylaxis or treatment of tumors of the blood such as leukemia, myelodysplasia syn- 
dromes, multiple myeloma, and malignant lymphoma, or solid tumors such as gastric cancer, colon cancer, lung cancer 
s b east cancer germ cell tumor, hepatic cancer, skin cancer, bladder cancer, prostate cancer utenne cancer, cervical 
cancer, and ovarian cancer. The vaccine can be given via oral or parenteral administration such as .ntraperitoneal, sub- 
cutaneous, intradermal, intramuscular, intravenous, and nasal administration. 

[0028] As a method of administering the vaccine of the present invention, there can be used a method ,n wh ch 
mononuclear cells are collected from the patients peripheral blood, from which dendrite cells are removed and the 
to peptide of the present invention is pulsed thereto, which is then returned to the patient via subcutaneous adm.mstrat.on 

ra0291 Vaccines can contain, in addition to the peptide given as the above active ingredient, pharmaceutical^ 
acceptable carriers for example suitable adjuvants such as a mineral gel like aluminum hydroxide; a surfactant : .«* as 
lysolecithin, pluronic polyol; a polyanions; a peptide; or an oil emulsion. Afternauvdy, otter ^ 
)5 mixed into liposomes or blended into polysaccharides and/or vaccines can be used. The dosage is generally 0.1 ng to 

IoS 9 Pe !n?e present invention, DNA encoding the above polypeptide vaccine can also be used as a vaccine (DMA 
laccine). Thus, after a nucleic acid encoding WT1 or a portion thereof, preferably DNA, ,s .nserted to a surtable vector 
preferably an expression vector, it is administered to an animal to produce cancer .mmumty. A specfic example ,s 
20 shown in Example 9. 
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Examples 

[0031] Then, the following examples will demonstrate that the peptide of the present invention is useful as a tumor 
antigen or a cancer vaccine. 
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Example 1 . 

[0032] One hundred ng of the D» 126 peptide, 200 ug of porcine lactate dehydrogenase and 0.5 ml of Freund's 
ncomplete adjuvant were intraperitoneal* injected to C57BL/6 mice twice every week for .mmumzat.orv reatment . One 
week afterthe immunization treatment, the mouse sp.een was extracted, from whic suspenses of sp ,een cells we e 
prepared. On the other hand, the irradiated spleen cells of the syngene.c m.ce pulsed with the D 126 pept.de were 
incubated wfthasolution containing 50 ug/ml peptide at 37°C for 30 minutes, which was used as the ant.gen presenting 

P033] The above immunized spleen cells and the irradiated spleen cells were co-cultured for £ .days : tc .induce , or 
prepare killer T cells. On the other hand, using the Europium labeled EL-4 cells (expressing K> and pulsed w.* the 
D b 126 peptide (incubated at 37°C for 30 minutes with a 100 ug/ml peptide solution) as the target cell in a standard 
method, a killing assay was performed in the following procedure (Table 1 ). 

[0034] As a result, when the EL-4 cells pulsed with D» 126 were used as the target cytoc.da. effects were 
observed, but when the EL-4 cells not pulsed with D> 1 26 were used as the target, few cytocdal effects were observed. 



Table 1 
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Mouse A 


Mouse B 


Peptide + 
Peptide - 


76.6 % 
4.9 % 


37.2 % 
0.9 % 


E/T ratio 40:1 



r0035] Then, the spleen samples that exhibited significant cytocidal effects in the killing assay were stained with the 
fluorescently labeled anti-CD4 antibody or anti-CD8 antibody, which were then subjected to flow cytometry to analyze 

^^"ol in Figure 1. in the spleen cells immunized with the D> 

Increase in the CD8+ cells represented by the killerT cells and the ratio of the CD8+ cells to the CD4+ cells represented 
by the helper T cells etc. was inversely increased compared to the non-immunized control spleen cells. 
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Example 2. 

[0037] Dendritic cells (DC) derived from the bone marrow of the C57BL/6 mice were prepared in the followinn ma „ 
ner. According to the standard method, the bone marrow cells were cultured in Z lleZ o, GM CsJ to oZZ 
bone marrow-derived dendritic cells (J. Exp. Med 1 82- 255 1 995) t0 pr6pare 

fo"L re ^ 

STIL ,I h l n ' *h abWe DC Ce " S Were intradermal| y in J ected to 'he foot pads and hands of C57BL/6 mice and on 
day 5 the ymph nodes were removed to prepare cell suspensions. On the other hand the B7 1-RMA-S cell 'irTa S 
cells tnansfected with a gene encoding B7, which is a co-stimulatory moiecule) pulsed with o'^Zl^^ 

a^Leo^^ 

SI- th ? 8n ' °?l ay 5 aftSr tHe in Vitr ° restimulation . a killing assay was performed using the 51 Cr-labeled RMA-S 

PS peoMeTedLTT T 3 ' th ! J effectorcells deriv ^ «™ Vmph node s of the mice immunized with the 
said pepS d Ce " S PU ' Sed W ' th Said peptide but did not kil1 *e target cells that were not pulsed with 

E that c n D?CD 0 8 * 1 Ta 2 T 7 T ** ^ * *» C " Dm *" 33 in Exam P le 1 

ZTfn^ h ' • ' 3 that m the m0USS C6lls immunized with the D b 126 peptide the CD8+ cells 

were increased and the ratio of the CD4+ cells : the CD8 + cells (about 2 : 1 in the control cells) was reversed in the eplfe 
immunized with the D " 1 26 peptide as compared to the non-immunized mouse (control) celfs 

25 Example a. 

SSUS-nH* 06118 ( ! X !? th3t W6re irradiated after incubatin 9 'or 1 hour with the peptide D b 126 or WH 187 (40 
E nl ?!7 To b '° 0d mononuclear cells ( 1 x 1° 6 ) from a healthy human having HLA-A* 0201 were co-cut 
30 to S ^nt t ' T2 Ce " S that W6re ir,Bdiated after incubatin 9 for 1 hour with the peptide (20 Zl were added 
L^Te^ 

[ T 5 I > , S " bse( ' uent| y. af ter repeating, for five times, stimulation with the T2 cells that were irradiated after hPinn 
pulsed with ,he peptide, a killing assay was performed using, as the target, the T2 cells p Ise ^ wSfpep^e or he 

35 S.46 " Te Sn I" « ** ,nduC8d ° TL »™ SUb ^ ed to FAC 

Effector : Target ratio (E/T ratio) is 1 0 : 1 
Co-cultivation time : 3 hours 

The concentration of the peptide in the culture : 5 jxg/ml 

[° n °2 T5 T !! e re ' U '? Sh0Wn in h Fi9Ure 4 A in Rgure 4 shows the cvtocida ' ^ect of CTL induced using 126 peptide 

WH M 87 2 „i^? th ( ? , 12 ? ePtide ' ^ d 8 Sn Fi9Ure 4 Sh0WS the Effect of CTL fcJS 

wm 1 87 peptide on the T2 cells pulsed with the WH 1 87 peptide 

S3 Th~ aS „ e ; Zl P ° te , nt Cyt0ddal effSCtS WSre ° bSerVed in the 72 Cells > ulsed with ^e peptide. 
Ed Wiethe D^26oeoS p an ? IS - are f° Wn in R9UreS 5 10 1 °- RgUreS 5 10 7 Sh0w th * results of human CTL 
of h™ 7t , -? f P P ' ' nd,Cat,n9 that most of the cells were CD8-positive. Figures 8 to 10 show the results 

in Ithe numblr *' ^ ^ ^ Ce " S 3nd the CD8 " p ° sitive celIs were 2^ 

Example 4. 

[0050] in order to test the MHC dependency of the cytolytic activity of the D b 126 peptide-specific CTL anti-HLA 

S ^r, U ' t iS Sh ° Wn iP R9Ure 11 " the figUre - the * s y mbQl re P resen ts the result obtained using anti-H-2K» 
monoclonal anhbody ,n stead of anti-HLA-A2.1 monoclonal antibody. As can be seen from the figure, the aad'ion of 60 
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effects on the lysis of the T2 cells. 
5 Fxam ple 5. 

io was measured at a E : T ratio of 7^5 : 1 (a) or 15 : 1 (b). jb - d significant cytotoxicity to the 

75 Example 6. 

[00551 As shown in Figure 13, the D 126 peptide specmc oil^ , u npntirip-soecific CTL 

expr.es WTI . This rrorrhrhred that .he mrfeul. targeted for^l hilhng^/CTT-« ^ ^ ^ ». 

expressing cells. 
Example 7, 

[0056] r - rr whether r c^ 

^^TtheRr^ measured in the presence o, a titer-adjusted monoclonal 

^"S^S^il^ - H - 2Ld < MA143) - As the control monoc,onal an,,boc * mono " 

— t !S?J3SI Ending cn the increased concentrations of antibody against ***** 

activity in a H-2D b -dependent manner. 
Example 8. 

[„„,», »««»s«d«he.h.r,hvh»,amon,^ 

45 spleen cens omy ^naucu , ~ -iri7 poi o ipukpmia cells were intraperitoneally administered. 

week. After immunization for 3 weeks, 3x10 FBL3 leukemia ceus were irar p y challenge 

55 sionally been observed in C57BU6 mice. 
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Example 9 DNA vaccina 



1712 (1991), the left column onpTrog^ 

(1995)) was intramuscular.; nje te'd to6» LJ^SS^^,!? ^ ^ USA " 92: 11105 11109 
after the last intramuscular injection mouse spteen were ™ T ^ 1 ° ^ f ° r 3 t0tal ° f three times - Te " days 
mWTl CI 498 cells (irradiated with SS^SSZZLZSS SP ' een Ce " S ' Aft6r the S ? ,een cells ™« 

(Europium-labeled) was performed usTng CiSe fpS 7" C °" C ^ * 37 °° «* 6 days ' a killin 9 assa y 
express WT1 as the target cell 7,ZS^cSS^ ] Md 01498 (PM5G > that did n °< 

WT1 . 60 here ' n ' C1 498 ls a mouse myelogenic leukemia cell line that does not express 

r/p M5G ^™s„rr sssr" 11 •* - - ■«"— ^ » * « » «- 

[0062] The result is shown in Figure 1 7 

killing assay was performed. (PM5G-mWT1) cells that express WT1, a 

DSaving^o^VvTrcDS" 6 ^ "° ^ CTL ~ indUCed b V in, ~' a ' injection of the control plasmid 

gen peptide of the present Lntion is usefuli rc^ 

by increased expression of the WT1 gene. K6m ' a ^ S ° Nd ,Um0re that are 

accompanied 
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SEQUENCE LISTING 

<110> 

<120> Cancer Antigen Based on Tumor Suppressor Gene WT1 

<130> 983279 

<160> 8 

<210> 1 

<211> 449 

<212> PRT 

20 <213> Mouse 

<400> 1 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Ser 
25 5 10 15 

Ser Leu Gly Gly Gly Gly Gly Gly Cys Gly Leu Pro Val Ser Gly Ala 

20 25 30 

Arg Gin Trp Ala Pro Val Leu Asp Phe Ala Pro Pro Gly Ala Ser Ala 

35 40 45 

Tyr Gly Ser Leu Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro 

50 55 60 

Pro Pro Pro Pro His Ser Phe He Lys Gin Glu Pro Ser Trp Gly Gly 
65 

Ala Glu Pro His Glu Glu Gin Cys Leu Ser Ala Phe Thr Leu His Phe 
85 90 95 

40 Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe 

100 105 HO 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 

115 120 125 

Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu Glu Ser Gin Pro Thr He 

130 135 l^O 

Arg Asn Gin Gly Tyr Ser Thr Val Thr Phe Asp Gly Ala Pro Ser Tyr 
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145 150 155 1^0 

Gly His Thr Pro Ser His His Ala Ala Gin Phe Pro Gin His Ser Phe 

165 170 I 75 \ 
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Lys His Glu Asp Pro Met Gly Gin Gin Gly Ser Leu Gly Glu Gin Gin 

180 185 190 

Tyr ser Val Pro Pro Pro Val Tyr Gly Cys His Thr Pro Thr Asp Ser 

195 200 205 

Cys Thr Gly Ser Gin Ala Leu Leu Leu Arg Thr Pro Tyr Ser Ser Asp 

210 215 220 

Asn Leu Tyr Gin Met Thr Ser Gin Leu Glu Cys Met Thr Trp Asn Gin 

225 230 „c 

235 240 

Met Asn Leu Gly Ala Thr Leu Lys Gly Met Ala Ala Gly Se- Ser Ser 

245 250 255 

Ser Val Lys Trp Thr Glu Gly Gin Ser Asn His Gly lie Gly Tyr Glu 



260 



26S 



270 



Ser Glu Asn Hxs Thr Ala Pro lie Leu Cys Gly Ala Gin Tyr Arg He 
275 280 



285 



His Thr Hxs Gly Val Phe Arg Gly lie Gin Asp Val Arg Arg Val 



290 



Ser 



295 



300 



Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser Glu Lys 



305 



310 



315 



320 



Arg pro Phe Met Cys Ala Tyr Pro Gly Cys Asn Lys Arg Tyr Phe Lys 

325 3 30 335 

Leu Ser His Leu Gin Met Hxs Ser Arg Lys Hxs Thr Gly Glu Lys Pro 



340 



345 



350 



tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Arg Ser Asp 

355 360 365 

Gin Leu Lys Arg His Gin Arg Arg His Thr Gly Val Lys Pro Phe Gin 

370 375 380 

Cys Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp His Leu' Lys Thr 
385 390 

Hxs Thr Arg Thr His Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 

405 «0 415 

Arg Trp His Ser Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Leu Val 

420 «5 O0 

Arg His His Asn Met Hxs Gin Arg Asn Met Thr Lys Leu His Val Ala 



435 



440 



445 



Leu 
449 



<210> 
<211> 



2 

449 
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<212> PRT 
<213> Human 



<400> 2 

Met Gly Ser Asp Val Arg Asp Leu Asn Ala Leu Leu Pro Ala Val Pro 

5 10 15 

Ser Leu Gly Gly Gly Gly Gly Cys Ala Leu Pro Val Ser Gly Ala Ala 

20 25 30 

Gin Trp Ala Pro Val Leu Asp Phe Ala Pro Pro Gly Ala Ser Ala Tyr 

35 40 45 

Gly Sec Leu Gly Gly Pro Ala Pro Pro Pro Ala Pro Pro Pro Pro Pro 

50 55 60 

P-o Pro Pro Pro Hxs Ser Phe lie Lys Gin Glu Pro Ser Trp Gly Gly 
65 

Ala Glu Pro His Glu Glu Gin Cys Leu Ser Ala Phe Thr Val Kis Phe 

85 90 95 

Ser Gly Gin Phe Thr Gly Thr Ala Gly Ala Cys Arg Tyr Gly Pro Phe 

100 105 HO 

Gly Pro Pro Pro Pro Ser Gin Ala Ser Ser Gly Gin Ala Arg Met Phe 

115 120 125 

Pro Asn Ala Pro Tyr Leu Pro Ser Cys Leu Glu Ser Gin Pro Ala lie 

130 135 "0 

Arg Asn Gin Gly Tyr Ser Thr Val Thr Phe Asp Gly Thr Pro Ser Tyr 
l45 150 155 I" 

Gly His Thr Pro Ser His His Ala Ala Gin Phe Pro Gin His Ser Phe 

165 170 115 

Lys His Glu Asp Pro Met Gly Gin Gin Gly Ser Leu Gly Glu Gin Gin 

180 185 19° 

Tyr Ser Val Pro Pro Pro Val Tyr Gly Cys His Thr Pro Thr Asp Ser 

195 200 205 

Cys Thr Gly Ser Gin Ala Leu Leu Leu Arg Thr Pro Tyr Ser Ser Asp 

210 215 220 

Asn Leu Tyr Gin Met Thr Ser Gin Leu Glu Cys Met Thr Trp Asn Gin 
225 230 235 240 

Met Asn Leu Gly Ala Thr Leu Lys Gly Val Ala Ala Gly Ser Ser Ser 

245 250 255 

Ser Val Lys Trp Thr Glu Gly Gin Ser Asn His Ser Thr Gly Tyr Glu 
260 265 270 
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Ser Asp Asn Hxs Thr Thr Pro He Leu Cys Gly Ala Gin Tyr Arg He 

275 280 285 

Hxs Thr Hxs Gly Val Phe Arg Gly I le Gin Asp Val Arg Arg Val Pro 

290 295 300 

Gly Val Ala Pro Thr Leu Val Arg Ser Ala Ser Glu Thr Ser Glu Lys 
305 31 ° 315 320 

Arg Pro Phe Met Cys Ala Tyr Pro Gly Cys Asn Lys Arg Tyr Phe Lys 

325 330 335 

Leu Ser His Leu Gin Met Hxs Ser Arg Lys Hxs Thr Gly Glu Lys Pro 

340 345 350 

Tyr Gin Cys Asp Phe Lys Asp Cys Glu Arg Arg Phe Ser Arg Ser Asp 

355 3 60 3g5 

Gin Leu Lys Arg Hxs Gin Arg Arg Hxs Thr Gly Val Lys Pro Phe Gin 

370 3" 380 

Cys Lys Thr Cys Gin Arg Lys Phe Ser Arg Ser Asp Hxs Leu Lys Th- 
385 390 395 400 

Hxs Thr Arg Thr Hxs Thr Gly Lys Thr Ser Glu Lys Pro Phe Ser Cys 

405 41 ° 415 

Arg Trp Pro Ser Cys Gin Lys Lys Phe Ala Arg Ser Asp Glu Leu Val 

420 "25 430 

Arg His His Asn Met His Gin Arg Asn Met Thr Lys Leu Gin Leu Ala 
435 440 445 

Leu 
449 



<210> 3 

<211> 8 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 

<400> 3 

Gly Ala Ser Ala Tyr Gly Ser Leu 
1 5 

<210> 4 

<2U> 8 
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<212> ?* T 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 

<400> 4 

Cys Asn Lys Arg Tyr Phe Lys Leu 
1 5 

<210> 5 

<211> 9 

<212> PR? 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 

<400> 5 

Arg Met Phe Pro Asn Ala Pro Tyr Leu 
1 5 

<210> 6 

<211> 9 
<212> 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 

<400> 6 

Tyr Ser Ser Asp Asn Leu Tyr Gin Met 
1 5 

<210> 7 

<211> ^ 
<212> 

<213> Artificial Sequence 
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<220> 

<223> Synthetic Peptide 

« 

<400> 7 

Cys Met Thr Trp Asn Gin Met Asn Leu 
1 5 

<210> 8 

<211> 9 

<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic Peptide 

<400> 8 

Ser Leu Gly Glu Gin Gin Tyr Ser Val 
1 5 



Claims 
1 



2. 



The tumor antigen according to any one of c.aims 1 to 4 wherein said peptide is any one of the following: 

45 Gly Ala Ser Ala Tyr Gly Ser Leu (SEQ ID NO: 3) 

330 Cys Asn Lys Arg Tyr Phe Lys Leu (SEQ ID NO- 4) 

126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (SEQ ID NO: 5) 

D^ 221 Tyr Ser Ser Asp Asn Leu Tyr Gin Met (SEQ ID NO: 6) 

D 235 Cys Met Thr Trp Asn Gin Met Asn Leu (SEQ ID NO: 7), and 
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WH 1 87 Ser Leu Gly Glu Gin Gin Tyr Ser Val (SEQ ID NO: 8). 

6. The tumor antigen according to claim 5 wherein said peptide is 

D b 126 Arg Met Phe Pro Asn Ala Pro Tyr Leu (SEQ ID NO: 5) or 
WH 1 87 Ser Leu Gly Glu Gin Gin Tyr Ser Val (SEQ ID NO: 8). 

7. A cancer vaccine comprising a tumor antigen according to any one of claims 1 to I 
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Fig .4 
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Fig. 5 
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Fig .10 
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Fig.11 
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Fig. 13 
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Fig. 17 
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